INTRODUCTION
The coverage of MEDLINE and the volume of the literature in biomedicine and health are increasing rapidly, and the National Library of Medicine (NLM) consistently undertakes projects to improve access to biomedical information through PubMed. For instance, recent research efforts have addressed the evaluation of ranking and querying strategies for the PubMed search engine [1] [2] [3] and the development of a disease sensor for facilitating access to trustworthy disease-related information through PubMed [4, 5] . In addition, a recent review found that another twentyeight institutes worldwide are devoting efforts to the development of web tools designed to assist users in quickly and efficiently searching and retrieving relevant publications from MEDLINE [6] . The Catalog and Index of French-language Health Internet (CISMeF) team has made significant contributions to these efforts by providing access to MEDLINE using queries in French [7, 8] and proposing a method for improving the precision of PubMed Automatic Term Mapping (ATM) [9] . All of this work shows that there is a need for and an interest from the research community for continued improvement in access to the biomedical literature.
Since 2000, the underlying structure of the Medical Subject Headings (MeSH) Thesaurus has changed from a term-based system to a concept-oriented system to make it more compatible with the Unified Medical Language System (UMLS) [10] . In [10] . Specifically, in this concept-oriented system, MeSH Concepts consist of subgroups of entry terms created within MeSH Descriptors. Each MeSH N The introduction of Medical Subject Headings (MeSH) Concepts (creating subgroups of entry terms within MeSH Descriptors) has not changed overall indexing or retrieval practices in MEDLINE.
N The use of MeSH Concepts could significantly improve the precision of retrieval for PubMed searches related to rare and chronic diseases.
N In-depth knowledge of MeSH is not required for users to benefit from improved search performance using MeSH Concepts.
Implications
N Information professionals can use their advanced knowledge of the MeSH thesaurus to make changes to indexing and retrieval practices that are transparent to users and enhance their search experience. Figure 1 presents a simplified illustration of the standard concept view accessible from the MeSH browser for a sample descriptor.{ It shows the relationships between the twelve concepts and fifteen entry terms grouped under the MeSH Descriptor ''Abortion, Induced.'' This descriptor has four types of relationships with the MeSH Concepts grouped under it: (i) a reflexive relationship to the preferred MeSH Concept ''Abortion Induced,'' which has two entry terms; (ii) a ''narrower than'' relationship with the subordinate concepts ''Abortion, Drug-Induced,'' ''Abortion, Rivanol'' ''Abortion, Saline-Solution,'' and ''Abortion, Soap-Solution''; (iii) a ''broader than'' relationship with the subordinate concept, ''Fertility Control, Postconception''; and (iv) a ''related'' relationship with the subordinate concepts ''Abortion Failure,'' ''Abortion Rate,'' ''Abortion Techniques,'' ''Anti-Abortion Groups,'' and ''Previous Abortion.'' Each MeSH Concept class could be given its own definition if desired.
Concept
The objective of the study was to test the hypothesis that using subordinate (''non-preferred'') MeSH Concepts to index MEDLINE citations, assuming that they are more precise than their related MeSH Descriptors or MeSH Supplementary Concepts, will yield two benefits: (1) provide more precise indexing for citations and (2) improve the quality of information retrieval.
METHODS
To test this hypothesis, the field of experiment was restricted to 2 different subjects: (a) rare diseases and (b) chronic diseases. Rare diseases are mainly defined by their prevalence, with criteria that may vary from country to country. For instance, in the United States, a rare disease is defined as a condition that affects less than 1 person in 1,500 (i.e., fewer than 200,000 patients in the United States); in Europe, the cut-off is set at 1 in 2,000 (e.g., fewer than 30,000 patients in France). Rare diseases were chosen as a focus for this study because of their relative frequency (.7,000) in the MeSH Thesaurus. Chronic diseases were chosen because they are a known public health problem. Some rare and chronic diseases are grouped in 1 MeSH Descriptor related to several MeSH Concepts.
Choice of Medical Subject Headings Concepts
Non-preferred or subordinate MeSH Concepts describing rare or chronic diseases that had the relationship ''narrower than'' with one MeSH Descriptor or one MeSH Supplementary Concept were used to test the hypothesis. MeSH Concepts that have the relationships ''broader than'' or ''related'' were excluded for 2 reasons: (1) the relationship ''narrower than'' is the most common one in MeSH (78,036/90,736; 86.0% of non-preferred or subordinate MeSH Concepts), without taking into account ''preferred term,'' and (2) the 2 other relationships ''broader than'' and ''related'' are Improving information retrieval using MeSH Concepts not adequate to test the hypothesis. ''Broader than'' should test the opposite hypothesis, as it should provide more citations than the related MeSH Descriptor or MeSH Supplementary Concept, whereas ''related'' would be difficult to analyze. The most frequent rare and chronic diseases were used for the study. Rare diseases were selected based on a recent literature review of rare disease prevalence published by the Orphanet information website for rare diseases [11] . MEDLINE frequency counts, according to the 2011 MEDLINE baseline repository data [12] , were used to identify the most common chronic diseases. The list of rare diseases is displayed in Table 2 , and the list of chronic diseases is displayed in Table 3 .
Three different PubMed queries
The MEDLINE bibliographic database was searched using the PubMed interface for each of the MeSH Concepts shown in Tables 2 and 3 . Three different queries were used: (1) the default PubMed ATM query, (2) the corresponding CISMeF ATM query [9] , and (3) a specific query to extrapolate the MEDLINE citations that should be indexed with a MeSH Concept.
The first two queries provided the current results of a PubMed search on the selected MeSH Concepts (the second query being a more precise variant of the first one [9] ), which currently pools together all relevant MeSH Concepts at the descriptor level. The third query aimed to model the retrieval of documents for the sole MeSH Concept of interest, which would become the default search with MEDLINE indexing at the MeSH Concept level, and therefore retrieval at the MeSH Concept level, instead of MeSH Descriptor level, as is currently the case. Comparing the results of the third query to the other two provided an indication of the benefits of MeSH Concept indexing for retrieval in MEDLINE. Specifically, it was assumed that the citations retrieved by the third query were the ones that should have been indexed with the MeSH Concept of interest and, therefore, the only relevant ones for the search. Based on this assumption, two precision scores were computed: The subordinate MeSH Concept ''Amaurotic familial idiocy'' related to the MeSH Descriptor ''Tay-Sachs disease'' provides an illustration of these three types of queries (Figures 2 and 3) . The main differences are:
& The CISMeF ATM constructs the same query whether the end-user query contains MeSH preferred terms or MeSH entry terms. This is not the case for PubMed ATM. & The CISMeF ATM employs semantic expansion, using all the entry terms associated with a MeSH Descriptor or MeSH Supplementary Concept, without taking into account their relationships. The goal of this semantic expansion is to improve recall, while limiting the loss of precision by applying it only to the retrieval of citations that have not yet been manually indexed.
The CISMeF query was shown to be more precise than the default PubMed ATM query in a 2008 study [9] .
For the third query, the following format was used to locate the MEDLINE citations that should be indexed with a MeSH Concept The format of the MeSH Concept query was constructed by the two librarians (Letord and Thirion) on the assumption that all the articles where a MeSH Concept x appears in the title or in the abstract should be indexed with the concept. As noted above, this likely underestimates the total number of articles that would actually be indexed with any MeSH Concept, because articles where a concept x appears neither in the title or abstract may require indexing with the concept.
The evaluation was performed on 32 MeSH Concepts for rare diseases and 22 MeSH Concepts for chronic diseases. A statistical analysis was performed comparing the 2 precision ratios (PubMed ATM versus CISMeF ATM) using the x 2 test (significance level: 0.05) for each of 54 MeSH Concepts (32 for rare diseases and 22 for chronic diseases). Table 2 for rare diseases and Table 3 for chronic diseases.
RESULTS

Main results are displayed in
For rare diseases, the average precision of the default PubMed ATM query when searching a narrower MeSH Concept was quite low (5.98%); the precision was a bit better when using the CISMeF PubMed query (7.06%). The PubMed ATM provided more results than the CISMeF ATM in 21 out of the 32 rare diseases ( Table 2 shows the P values). No statistical difference was found in the other 11 rare diseases.
For chronic diseases, the average precision of the default PubMed ATM query when searching a narrower MeSH Concept was low (13.30%), whereas the precision was once again slightly better when using the CISMeF PubMed query (17.22%). The PubMed ATM provided more results than the CISMeF ATM for all 22 chronic diseases ( Table 3 shows the P values). Paradoxically, for 2 MeSH Concepts (''Obesity'' and ''Kidney Failure''), the MeSH Concept query provided more results than the CISMeF query. The MeSH Concept query never provided more results than the PubMed query.
These results were considered by the CISMeF team to be sufficient grounds to implement the following rules in the CISMeF catalogue [13] 
DISCUSSION
The authors agree with the NLM MeSH Section that MeSH Concepts have a fundamental role in the underlying structure of the MeSH Thesaurus [13] . In addition, previous research [14] has shown that the method used by search engines to map users' queries to MeSH has a direct impact on the specificity and effectiveness of retrieved results. Therefore, it can be expected that users' search experiences in MEDLINE will be enhanced by techniques whereby both database and search engine developers make full use of the MeSH structure. This paper shows the 
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potential benefits of using MeSH Concepts for indexing and retrieval in MEDLINE, with an illustration of the CISMeF search tool.
Nonetheless, this study has several limitations. It has focused on precision and was not intended to measure recall. To measure the precision of this new approach, the authors assumed that all the articles where the MeSH Concept appears in the title or in the abstract should be indexed in the citation. This is not necessarily a safe assumption, especially with regard to words in the abstract. In the example of the CISMeF search tool, medical librarians manually indexed articles using the MeSH Concepts. Therefore, this limitation of the study could be overcome if MeSH Concept indexing were used in the future, in particular for the MEDLINE database. Some entry terms (e.g., ''amaurotic familial idiocy'') could also be also outdated. In that case, performing information retrieval with the MeSH Concept could lead to very old citations.
CONCLUSION
This experiment on fifty-four rare and chronic disease MeSH Concepts shows that higher retrieval precision can be obtained with queries based on MeSH Concepts rather than MeSH Descriptors, which is the current default. This illustrates the conclusion of Lipscomb in her historical overview of MeSH after the introduction of MeSH Concepts in 2000: ''an important role remains for MeSH in organizing information in a way that provides precision and power in retrieval'' [15] .
In practice, the specific querying strategy that was used in this experiment (type 3 query) could be applied for modifying the PubMed ATM query for relevant concepts (i.e., non-preferred MeSH Concepts that are narrower than the preferred concept in the relevant MeSH Descriptor). While this strategy offers the advantage of not requiring any changes to the current indexing policy, using concept indexing combined with some indexing rules applied to MeSH Supplementary Concepts (chemical substances and rare disease terms that are not MeSH terms) likely would be a fundamentally better approach. This improvement could be easily integrated into the PubMed interface to increase precision when querying the MEDLINE bibliographic database, in particular for rare diseases where there are multiple MeSH Concepts for one MeSH Descriptor. To do so, the authors strongly suggest creating 1 MeSH Supplementary Concept for each subordinate MeSH Concept that is not a preferred concept (n590, 736) ( Table 1) and using these for indexing and for information retrieval, thereby extending the addition of some rare diseases to the Supplementary Concepts list introduced in MeSH in 2011. This change could be transparent to users. A simple query automatically mapped to the relevant MeSH Concept would yield improved results without requiring any advanced knowledge of MeSH, which has been shown to be a challenge for many nonprofessional searchers [16] .
